Background/aims To estimate the prevalence of myopia based on reduced unaided visual acuity (VA) in Chinese school children over the past 20 years.
Introduction
The prevalence of myopia in cities in East Asia is now very high in children, with around 80% of students completing secondary school now myopic, and as much as 20% of them highly myopic. [1] [2] [3] The prevalence of myopia in rural areas is slightly lower. [3] [4] [5] [6] [7] [8] The prevalence of myopia in East Asia was lower in the past. Wu and Edwards 9 reported the prevalence of myopia over three generations, using non-cycloplegic autorefraction for the children and questionnaire data for the parents and grand parents. There was a progressive increase in the prevalence of myopia across the generations, and a declining risk associated with parental myopia. In addition, populationbased surveys of children from Taiwan using cycloplegic autorefraction 3,10 demonstrated three trends-an increase in the prevalence of myopia, a decrease in the age of onset, and an increasing prevalence of high myopia. Similar trends are seen in Hong Kong 11, 12 and Japan. 13 Collectively, these data demonstrate that the prevalence of myopia has increased substantially in East Asia over the past few decades. The speed of change suggests a role for environmental exposures, which can change more rapidly than gene pools. 14 Analysis of the factors involved is complicated by the fact that the epidemic of myopia has already occurred, without the collection of longitudinal data on cycloplegic refractions and risk factors. Recent analyses 15, 16 have confirmed earlier suggestions 17 that low unaided VA in children provides a proxy measure of myopia. The evidence for longitudinal change in Singapore is primarily based on VA measurements, [18] [19] [20] but the high prevalence of myopia has been confirmed with non-cycloplegic autorefraction. 1 We have now applied this approach to a 20-year data set on VA in school children from Guangzhou.
Materials and methods
The Guangzhou Department of Education has measured unaided VA in a large sample of students in Guangzhou since 1988. All students in all grades in the selected schools were examined each year. The basic characteristics of the selected schools were shown in Table 1 .
Unaided distance VA was measured for the right eye, then the left eye, with a retro-illuminated LogMAR chart with tumbling-E optotypes (Precision Vision, La Salle, IL, USA), with illumination of the examination rooms around 500 lx. The child was asked to indicate the direction of the E optotype within 5 s, and was observed closely for squinting. Measurements began at a distance of 5 m, with the fourth line from the bottom (6/6), using a staircase protocol, with four of the five optotypes identified taken as correct. The lowest line read successfully determined the VA for the eye. If the top line was not read, the child was advanced to 2.5 or 1 m. VA examinations were carried out using a uniform protocol throughout the study years. Presenting and best-corrected VA were not measured.
Normal VA was defined as VA equal to or better than 6/6. Mildly reduced VA was defined as VA better than 6/9 and worse than 6/6; moderately reduced as VA equal to or worse than 6/9 and better than 6/18, and severely reduced VA was defined as equal to or worse than 6/18. These categories should not be confused with WHO definitions of visual impairment, 21 which are based on best-corrected VA of o6/18 in the best eye. A very simple pattern is seen in the VA data for young students (Figure 1 ), where the population had predominantly normal VA, but with a decline in the percentage with normal VA in more recent cohorts, from 80.45% (95% CI, 78.8-82.1) in 1988 to 62.21% (95% CI, 60.9-63.5) in 2007. There was little severely reduced VA in any year, but the percentages of mildly reduced VA increased from 8.7% (95% CI, 7.6-10.0) in 1988 to 22.4% (95% CI, 21.7-23.6) in 2007, with an increase in the proportion of moderately reduced VA over the same period.
A very different pattern was seen in the Grade 12 ( Figure 2 ). The proportion of severely reduced VA was already high at 42.4% (95% CI, 40.9-44.0) in 1988, but increased to 58.2% (95% CI, 56.8-59.6) in 1998, reaching a maximum just above 70% (95% CI, 72.3-73.7) in 2007. Severely reduced unaided VA was the predominant state of Grade 12 students from around 1996. From 2003 on, there was little change in prevalence. Girls consistently showed lower proportions of normal VA and higher 
proportions of moderately and severely reduced VA than boys (w 2 test Po0.05 for each year). How well the VA acuity data corresponded to the prevalence of myopia was assessed by comparing the levels of moderately and severely reduced VA from 2002 (taken as the proxy measure of myopia) to data on the prevalence of myopia determined by cycloplegic autorefraction in the population-based Guangzhou RESC study of the same year, which was conducted in Liwan District (Figure 3 ). The two curves are very similar with a correlation coefficient of 0.992. For comparison, data from Taiwan for the 2000 survey are also plotted. The curves were similar in slope, but the Taiwan data showed slightly higher prevalence rates, probably due to the less stringent cutoff of o À 0.25 D for myopia compared with the r À 0.5 D cutoff used in the RESC studies.
In Taiwan, the prevalence of myopia has been over 70% in 18-year-old children since the first survey in 1983, reaching a plateau at around 85% since 1995 (Figure 4) . In contrast, the prevalence of moderately and severely reduced VA in Guangzhou was lower than the prevalence of myopia in Taiwan until about 2000, but has now reached a similar plateau.
Discussion
These data show that there has been a marked increase in the prevalence of severely and moderately reduced unaided VA in school children in Guangzhou over the past 20 years. In 2007, by the end of schooling, o15% of children had normal VA compared with around 30% in 1988. Over 70% had unaided VA r6/18. Similar patterns of secular change were observed for both boys and girls, although girls showed consistently slightly more moderately and severely reduced unaided VA, consistent with the higher prevalence of myopia in girls. 2 On the basis on the high correlation between the VA measurements from Guangzhou and the prevalence of myopia from the Guangzhou RESC study, 2 and the validation of reduced VA as a predictor for myopia in the Singapore SCORM and Sydney Myopia studies, 15, 16 we suggest that the changes in VA over this 20-year Eye period are largely due to an increasing prevalence of myopia. The characteristics of earlier onset, greater severity at the end of school, and current stabilization have previously been described in Taiwan for myopia. 3 Participation in the school health survey in Guangzhou was compulsory, so participation was high. The areas from which the schools enrolled their students covered low, average, and high socioeconomic status areas. (In 2000, the gross domestic product per capita was 25 626 Chinese Renminbi for Guangzhou, whereas it was between 17 935 and 31 033 Chinese Renminbi for the areas where the schools enrolled their students. In 2007, the gross domestic product per capita was 71 808 Chinese Renminbi for Guangzhou, whereas it was between 46 576 and 470 747 Chinese Renminbi for the areas where the schools enrolled their students.); thus, the schools were selected to give a representative sample of school students, although strict statistical randomization was not applied. School-based samples can give populationrepresentative results when enrolment rates are high, as they have been in Guangzhou, except in the case of rare disorders, which could lead to exclusion from mainstream schooling.
The high enrolment rates in Grade 1 from 1988, and Grade 7 from 1998 rules out major selection bias. The increased retention rate in senior high school to Grade 12 may mean that the Grade 12 students in the earlier years were more highly selected for high educational achievement, and hence that the population prevalence might be overestimated. Gender is a possible confounder, given the increase in the percentage of female students completing high school, but the gender differences are slight. Because the data compare large representative samples of students, comparison between years provides a valid estimate of secular changes.
The increase in prevalence of myopia may largely because of environmental changes in Guangzhou. However, another possibility is the change of genetic background of the children in Guangzhou, such as the selective migration of myopic parents, who might pass their myopia to their children, has produced the increase, particularly since the Guangzhou population rose from . However, the relative risk of myopia in the children associated with parental myopia in Guangzhou is only 1.3, whereas most children in Guangzhou become myopic irrespective of the refractive status of their parents. 22 We therefore conclude that the most plausible explanation of the secular changes in VA is the changing visual environment of children in Guangzhou. The environmental factors involved have not been identified. Changes in education are a prime candidate, given the association between educational achievement and myopia. 14 The oldest group (18 year olds examined in 1988) was born around 1970, and was not enrolled in the school system until after the Cultural Revolution. Uniform national university entry examinations were reintroduced in 1977, and a 9-year compulsory education policy promulgated in 1986. In 1999, institutions of higher learning increased enrolments, and the admission rate for those taking the university entrance examinations increased from 30% to nearly 50%, resulting in higher educational aspirations for students and their parents.
Other factors have also changed. The degree of urbanization has increased in Guangzhou, with an increase in population density from 776 persons per km 23, 24 It is difficult to analyse these factors retrospectively. Other factors, such as nutrition and diet, have almost certainly changed over the past 20 years, but are also difficult to document retrospectively.
The data suggest that the prevalence of severely and moderately reduced VA has stabilized, at a high level, over the past few years. The prevalence of myopia in Taiwan appears to have stabilized at a similar level. The plateau was not reached until 2004 in Guangzhou, much later than in Taiwan. This might be explained by earlier economic development in Taiwan. The prevalence of self-reported myopia was about 20% in the parents of children (a cohort born even earlier) examined in Guangzhou 2002, 22 suggesting that there had been a long-term increase in the prevalence of myopia.
Guangzhou is not representative of the whole of China, as it is the fourth largest city, but careful comparison of the VA data from Guangzhou with that from other cities and provinces may provide insights into the emergence of the current myopia epidemic. In addition, for less developed countries in the region, and indeed for other parts of the world at risk, 25 population surveillance based on unaided VA measurements could provide early warning of an epidemic of myopia.
Summary
What was known before K Prevalence of myopia in East Asia is now very high in children.
What this study adds K We found that the prevalence of reduced unaided visual acuity (primarily due to myopia) has increased markedly in the past 20 years in a urban city in China. This increasing tendency has stabilized in the past few years.
